
4

t

QUARTERLY PROGRESS REPORT NO. 18

ON

CONTRACT NASr-7

t

For the Period

January I, 1965, through March 30, 1965

/
/
/
/

/
/
!

iI

/
/

Project

HYPERVELOCITY IMPACT OF MICROPARTICLES

F. C. Todd, Principal Investigator

B. A.o Sodek, Jr., Graduate Research Assistant

.o._N66 872 60
(ACCESSION NUMBER) (THRU)

(PAGES)

(CODE)

(NASA CA OR TMX OR AD NUMBER)
(CATEGORy)

!

CFS

Presented by

Research Foundation _j

Oklahoma State University

Stillwater, Oklahoma ffes3 July 6_

Marvin T. Edmison, Ph.D., Director



TABLEOFCONTENTS

i
I

INTRODUCTION .............................. 1

STATEMENT OF THE PROBLEM ........................ 2

COMMENTS ON LOWEST VELOCITY OF IMPACT ................. 3

LIST OF FIGURES ............................. 4



I

ASSEMBLED CURVES FROM COMPUTER SOLUTION FOR A HYDRODYNAMIC

MODEL OF HYPERVELOCITY IMPACT

INTRODUCTION

This is the Eighteenth Quarterly Progress Report on Project NASr-7__ The

title of the project is "Shock, Flow and Radiation from the Hypervelocity Im-

pact of Microparticles." The analytical and experimental phases of this proj-

ect are concerned with the phenomena that occur with the hypervelocity impact

of microparticles on a massive target, which may be solid, or layered. The

overall objective is to obtain a sufficiently fundamental understanding of

the physical mechanisms in the hypervelocity impact of a microparticle so the

momentum and the energy transferred from the particle to the target may be

ascertained and, possibly, the density of the incident microparticles may be

estimated, i

This Progress Report presents additional curves from the digital computer

for the problem that was presented in Progress Report No. 17. _The curves of

the computer calculations are presented with only minor smoothing of the numeri-

cal results. The "raw" data are presented so the amount and manner of smooth-

ing these results at some later time will be readily apparent, i The discussion

in the preface to the preceding Progress Report shows the need for some modi-

fications such as inserting a steeper shock front. The enclosed curves are in

addition to the results of a few representative impacts and of the several sum-

mary curves that were presented in the Seventeenth Quarterly Progress Report.

The equations and discussion in that Progress Report and in the preface to

that report apply to these curves.
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STATEMENTOFTHEPROBLEM

The problem for solution is the hypervelocity impact of a sphere of alu-

minum. The aluminum sphere has a radius of about 0.00065 inches and it is

incident normal to the surface of the slab. Similitude does not apply to the

equations for hydrodynamic flow so the results from one hypervelocity impact

cannot be scaled to give the results for another hypervelocity impact. The'

solution for several diameters of the incident spheres cannot be scaled from

the results for the impact of a sphere of one diameter. The results for

spheres with more than one diameter require a considerable modification of the

computer program so only one diameter is considered in the data that is reported

in this Progress Report.

On the assumption of hydrodynamic flow, the enclosed curves follow the

penetration of an incident sphere into a semi-infinite slab for six velocities

of impact. All of the velocities are assumed to be hypervelocities. A hyper-

velocity impact is one in which the incident particle is traveling faster than

the velocity of sound in the target material. The velocities that were inves-

tigated are: 5.68, 15.16, 23.69, 36.0, 47.38 and 60.64 kilometers per second.

In our more common system of units, these velocities are approximately 18,700,

49,700, 77,700, 118,100, 155,400 and 198,950 feet per second, respectively.

The enclosed curves are grouped under six headings, which are the magni-

tudes of the velocities of the incident particle. Under these six general

headings, the curves are grouped for different instants of time during the pen-

etration of the aluminum sphere into the slab. For the most general case, there

are four curves for each instant of time and these four curves are the velocity

distribution, the isobars of the pressure at that time, the curves of constant
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density and the curves'of constant energy. All four curves are not necessarily

included when it is obvious that nothing important is illustrated by their

inclusion.

COMMENTSONLOWESTVELOCITYOF IMPACT

The curves for the lowest velocity have very little significance, since

the velocity of sound in solid aluminumis reported in the literature to be

about 16,740 feet per second. Most of the velocities for the impact at an

initial velocity of 5.68 kilometers per second are well below this value and

the presented solution has no relation to the solution to the real impact with

plastic effects and the propagation of the shock through solid aluminum. The

set of curves for the velocity of 5.68 kilometers per second are included so

the results may be compared with the same impact when the major corrections

for the fluid, plastic and elastic states of the material are included. This

would be a comparison of the hydrodynamic model with the plastic elastic model.

A program for the latter problem is now in the process of being formulated.

The organization of the curve sheets follows the arrangement that is out-

lined above except for one sheet. The first curve, Figure 66, is a summary

curve which shows the pressure vs the depth of penetration for an initial im-

pact velocity of 5.68 kilometers per second. This curve is placed with this

collection instead of in the thesis because the results for this low velocity

are so much in error. There are a group of similar curves in the thesis.

i ....
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Figure 272. Velocity Map (t = 1.59 x i0 sec) Vl
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Figure 277. Pressure Map (t = 2.58 x i0 sec) VI
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